Background: Wood identification is extremely important in the modern forest industry. Teak (Tectona grandis L. family verbanaceae), Black Rosewood (Dalbergia latifolia L. family Fabaceae), and Ben Teak (Lagerstroemia lanceolata L. family Lytheraceae) are significant economic timber species in tropical countries. T. grandis is one of the most expensive hardwoods. It occurs naturally in India, Myanmar, Thailand, Java, and Laos in South Asia. L. lanceolata a strong associate of T. grandis occurs in deciduous forest-adjoining states of Karnataka such as Andhra Pradesh and Telangana state in India. D. latifolia distributed in India, Indonesia, Myanmar, Nepal, Philippines, Sri Lanka, and Vietnam. The selected valuable timbers threatened illegal logging and deforestation. It is challenging for non-taxonomist to accurately recognize and identify the timber species based on the conventional methods. DNA barcoding technologies and large-scale screening of DNA variation in trees can be done routinely and much faster with higher taxonomic resolution than morphological determination methods. In this study, we selected two plastid-specific ribulose bisphosphate carboxylase (rbcL), maturase K (matK), and one nuclear-specific trnH-ITS (intergenic spacer region)-conserved barcoding marker to compare species inter-and intradetailed discrimination. The aim of this study was to develop an accurate species and their provenance identification to support conservation efforts of three selected species viz T. grandis, D. latifolia, and L. lanceolata in Karnataka, India. Results: Among the three selected markers, only two markers (rbcL and trnH-ITS) were having potential to amplify and discriminate the intra-and interspecific regions of selected timbers and would have been used to get barcodes for each species. Additionally, rbcL (90-96%) has a higher discrimination dominance over trnH-ITS (80-86%). From the barcoding results, it was found that the T. grandis and D. latifolia samples that belong to the Institute of Wood Science and Technology Bangalore are genetically more related to Dharwad than Hassan region in Karnataka.
Introduction
Black Rosewood (Dalbergia latifolia f: Fabaceae), Ben Teak (Lagerstroemia lanceolata f: Lytheraceae), and Teak (Tectona grandis f: Verbenaceae) are incredibly significant economic timber species. T. grandis is one of the most expensive hardwoods in the world (Kollert and Walotek 2015) . It is indigenous to peninsular and central India, Myanmar, Indonesia, Thailand, and Laos in South Asia and has also emerged as a major hardwood plantation species in a number of other countries in Africa, West Indies, and Sri Lanka (Mohanan et al. 1997 ) (Hansen et al. 2017) . L. lanceolata is found in the deciduous forest-adjoining state of Karnataka such as Andhra Pradesh and Telangana states, and it is a strong associate of T. grandis in the forest of Karnataka, India. D. latifolia mostly distributed in India, Indonesia, Myanmar, Nepal, Philippines, Sri Lanka, and Vietnam (Orwa et al. 2009 ). These three valuable timber species are threatened by illegal logging and deforestation. In an effort to reduce and ultimately halt illegal logging and trade in, a challenge for the molecular biologists is the identification of plants at an intraspecific and interspecific level using barcode sequences that differentiate among closely related species or intervarietal is the most significant (Han et al. 2016) . DNA barcoding is a widely used molecular marker technology, which uses a standardized and conserved but diversed DNA sequence to identify species and the origins of timber and to track logs along supply chains (Kang et al. 2017 ). This technique could serve as another tool to help identify and trace valuable timbers (Finkeldey et al. 2009 ). A significant assessment of DNA variation can be done faster and with higher taxonomic resolution than morphological determination methods (Lowe 2007) . The development of DNA marker for species identification method would greatly contribute to identify wood species and wood products through region and source verification to trace legally from illegally harvested logs or timber products (Lowe and Cross 2011) . The major influence of DNA barcoding is that once a solid reference database has been established, the method does not require expert taxonomic knowledge in order to identify specific samples (Hartvig et al. 2015) . This technique has facilitated marketing and sale of poor-quality wood of other species in place of the novel timber species. Although DNA barcoding has been successfully used to discriminating plants or crop species, applying this technique for discriminating forest tree species is difficult. Plant plastid and mitochondrial genomes exhibit a low rate of mutation and nucleotide substitution (Palmer 1985) . DNA barcoding studies in the plants have been proposed a few plastid-coding regions (rbcL and matK) and non-coding region (ITS-trnH) as potential barcodes (Pettengill and Neel 2010) . The study was mainly focused on the sequence analysis, calculation of genetic distance, variable sites, molecular weight of bases, amplified polymorphism, barcode development of multiple sequence alignment, use of a neighbor-joining algorithm, and tree construction analysis. In the present study, the main focus was to develop an accurate species identification method for the three selected T. grandis, D. latifolia, and L. lanceolata species and this was employed by developing potential DNA barcodes to support conservation efforts of the genus.
Materials and methods

Sampling sites
The samples of selected species were collected from three broad natural-growing population regions along Haliyal, Barchi range Dharwad under Western Ghats, Hassan (Alur taluka) and Bangalore, Karnataka, India (Fig. 1) . Details of the sample location were described in (Table 1) . Superior phenotypes were chosen for this research study based on height, girth, and disease-free tree.
Sample collection
For the development of barcodes from the selected three species, three samples (three leaves and three cores) of each species were selected and core and leaf sampling was carried out. Core sample was collected at 1.3 m from the ground level through using the conventional increment borer (Mora coretax original, Sweden; 100 mm) (core diameter 5.15 mm). The hole in the tree was properly sealed with paraffin wax to prevent infection. Core and leaf samples were put into a plastic cover and immediately placed into dried silica gel. After the arrival to the laboratory, the samples that had been placed in the silica gel were cleaned and kept for drying at least 3 to 4 days with the change of silica gel which absorb all moisture content of the samples and then transferred the dried samples to − 20°C cryogenic freezer to maintain the quality for further analysis.
Genomic DNA isolation
Total genomic DNA was isolated from silica-dried leaves and wood samples by using a modified CTAB protocol (Fatima et al. 2018a (Fatima et al. , 2018b .
DNA quantification
The yield of extracted DNA was quantified by nanodrop at 260 and 280 nm wavelength. The purity of DNA shows a ration between 1.80 to 2.0 (Sambrook et al. 1989) . DNA suitability for sequencing and barcoding was checked by running the samples on 1% (w/v) agarose gel (Jiao et al. 2013 ) stained with 4 μL of 0.3% ethidium bromide. Table 2 ). DNA amplification was carried out in a 13-μL reaction volume containing 1.5 μL genomic DNA (30 ng/ μL), 2 μL primers (10 mM both forward and reverse), 1.5 μL PCR buffer, 1.5 μL dNTPs (10 mM), 1.5 μL MgCl 2 , 0.3 μL Taq polymerase (3 U/ μL) (Bangalore genie), and 4.2 μL double distilled water. Amplification cycle consists of an initial 3-min denaturation at 94°C, 30 cycles for 1 min at 60-61°C, 1 min at 72°C, and final extension step for 10 min at 72°C.
Separation of amplified PCR products and purification
The amplified product loaded with 5 μL loading buffer was size fractionated by electrophoresis on a 2% agarose gel (Saiki et al. 2017 ) with 0.3% ethidium bromide. The bands are visualized on UV transilluminator (Syngen G:Box) to test out the bands. PCR amplified products were purified using EZ-10 spin column PCR purification kit (Life Technologies, California USA) following the manufacturer's standard instructions. 
Tree construction and phylogenetic analysis
Tree construction is a method that uses the MEGA software to construct a neighbor-joining (NJ) tree for each marker and with the different combinations of barcode markers under the Kimura-2 parameter substitution model (Hall 2013) . The phylogenetic trees were constructed by using algorithm programs in molecular evolutionary genetic analysis (MEGA7) software (Kumar et al. 2007 ). The bootstrap support of the NJ tree was assessed using 1500 replicates. The selected species were effectively differentiated if all the individuals of the correspondinding species formed a group in phylogenetic tree (Hollingsworth et al. 2009 ).
Results and discussion
The total genomic DNA that has been extracted from the selected species concentration was estimated by UV spectrophotometer using the standard formula 50 × OD 260 × dilution factor/100, and the graphs were recorded ( Fig. 2 ).
Barcode primer amplification
Three barcode primer PCR products were randomly chosen from the wood samples of selected species to verify the sequencing and barcode development of the selected species (Kang et al. 2017) . A total of seven individuals representing all the three species were successfully amplified and sequenced using two DNA barcodes (rbcL and ITS-trnH). The selected barcode regions were amplified with the barcode primers, and the eluted product gave a good read frame length in the forward direction (Table 3) . However, there was a difficulty in the amplification and alignment sequencing with matK primer (Fig. 3a-c ). From the above gel pictures, it was clearly depicting that only rbcL and ITS-trnH were amplified in all the tree species. Further analysis revealed the species-wise difference in D. latifolia, T. grandis, and L. lanceolata, but it did not discriminate the provenances of the samples (Fig. 3d) . The success rate of PCR amplification sequencing was the higher for rbcL compared to ITS-trnH in the selected tree species (Fig. 4) .
Nucleotide variation and sequencing success rate
The average sequence characteristics of the studied barcodes have been tabulated (Table 4 ). The total sequences obtained from the rbcL and ITS-trnH region of all the selected species were aligned based on their provenances by using (MSA Clustal W1.2). The final aligned partial sequences of rbcL in T. grandis had a length of 619 bp for Dharwad, 528 bp for Hassan, and 653 bp for IWST Bangalore with the variable sites, and for D. latifolia, 502 bp for Dharwad, 514 bp for Hassan, and 608 bp for IWST Bangalore which revealed the location specific base differences in the selected species. In L. lanceolata, it was 620 bp length sequence. For T. grandis, the average bp sequences obtained by using rbcL marker was 600 bp with the 75 bp variable sites. In case of D. latifolia, the average bp sequence length by using rbcL primer is 541 bp with the variable sites of 85 bp. In L. lanceolata sequences, the bp average was found to be 620 bp with the 56 variable sites. The total number of SNPs (single nucleotide polymorphisms) was found more in rbcL than in ITS-trnH marker sequences. The total number of SNPs produced by using rbcL in T. grandis was 97 followed by 68 in D. latifolia and 91 in L. lanceolata. CpG% was more in rbcL sequences compared to ITS-trnH sequences. In T. grandis, CpG% was found 97% by using rbcL marker followed by 85% in D. latifolia and 91% in L. lanceolata (Table 4) .
For ITS-trnH region, the final aligned partial sequences of T. grandis had a length of 477 bp for Dharwad, 455 bp for Hassan, and 314 bp for IWST Bangalore, and for D. latifolia, 741 bp for Dharwad, 761 bp for Hassan, and 775 bp for IWST Bangalore which revealed the location specific base differences in the selected species. For L. lanceolata, it was 305 bp length sequence. For T. grandis, the average of bp sequences obtained by using ITS-trnH marker was 415 bp with 93 bp variable sites. In case of D. latifolia, the average bp sequence length by using ITS-trnH primer was 759 bp with the variable sites of 115 bp. In L. lanceolata sequences, the bp average by using ITS-trnH primer was found to be 305 bp with the 68 variable sites. The total number of SNPs produced by using ITS-trnH in T. grandis was 16 followed by 13 in D. latifolia and 11 in L. lanceolata. In T. grandis, CpG% was found 85% by using ITS-trnH marker followed by 59% in D. latifolia and 73% in L. lanceolata (Table 4) .
The numbers of polymorphic sites among the species with different region samples were ranged from 78 for D. latifolia, 85 for L. lanceolata, and 267 for T. grandis, and the number of variable sites of the rbcL regions increased when the sequence length varies (Table 4) .
Nucleotide discrimination-based approach for species identification ITS-trnH and rbcL could assign the characteristic nucleotide positions, and differences also showed for all the species with 100% correct division. Nucleotide sequence analysis was done using rbcL and ITS-trnH loci for all the species with 100% correct classification. In case of ITS-trnH in D. latifolia, A and T nucleotides showed low variable whereas C and G were highly variable. Adenine ranged from 160 (Dharwad) to 174 (IWSTB) with the average of 66. Thymine base was varied in between 108 (Dharwad) and 125 (Hassan) with the mean value 114 followed by cytosine which ranged from 193 (Hassan) to 237 (IWSTB) with the average 219 base and by guanine which ranges between 192 (Dharwad) and 232 (IWSTB) with the mean value of 218 base. Similarly, in case of rbcL, G nucleotide was a low variation whereas A, T, and C were showing high variation in D. latifolia. Adenine variation ranged from 122 (IWSTB) to 160 (Hassan) with the average value of 143. Thymine base was ranged from 146 (IWSTB) to 168 (Hassan) with the mean value 155 followed by cytosine which ranged from 91 (IWSTB) to 151 (Hassan) with the average of 117 and by guanine nucleotide variation which ranged from 108 (IWSTB) to 127 (Hassan) with the average value of 116, respectively ( Fig. 5 ; Table 5 ).
In T. grandis, adenine nucleotide was showing low variation while thymine, cytosine, and guanine were found to be extremely variable which corresponds to the provenances. In case of ITS-trnH sequences of T. grandis, A and T nucleotides showed low variable whereas C and G were highly variable. Adenine ranged from 40 (IWSTB) to 97 (Dharwad) with the average of 78 nucleotides. Thymine base was diverse in between 49 (IWSTB) and 85 (Dharwad) with the mean value of 114 followed by cytosine which ranged from 114 (IWSTB) to 160 (Dharwad) with the average of 135 nucleotides and by guanine which ranges between 99 (IWSTB) and 144 (Dharwad and Hassan) with the mean value of 129 base. Similarly, in case of rbcL, adenine nucleotide was showing low variation whereas cytosine, guanine, and thymine were showing high variation in T. grandis. Adenine variation ranged from 147 (Hassan) to 176 (Dharwad) with the average value of 166 nucleotides. Thymine base was ranged from 151 (Hassan) to 170 (IWSTB) with the mean value of 159 followed by cytosine which ranged from 97 (Dharwad) to 129 (IWSTB) with the average of 113 and by guanine nucleotide variation which ranged from 118 (Hassan)) to 146 (IWSTB) with the mean of 129 nucleotides ( Fig. 6 ; Table 5 ).
Multiple sequence alignment and discrimination of species
We analyzed three individuals of the selected species from different regions of Karnataka, and the sequences of the two examined regions of plastid DNA (rbcL) and nuclear DNA (ITS-trnH) were examined. Multiple sequence alignment of the selected three species sequences was carried out by using the online software ClustalW (v 1.2.4). We manually calculated the sequence alignments for SNPs and found unique SNPs in all the selected species which were observed with rbcL and ITS-trnH barcoding markers. The total number of sequences of D. latifolia by using ITS-trnH markers was found to be 742 bp in IWST, 742 bp in Dharwad, and 762 bp in Hassan, Karnataka. Total rbcL sequences found in D. latifolia were 609 bp in IWSTB, 503 bp in Dharwad, and 515 bp in Hassan, Karnataka. We found 28 unique nucleotide sites in D. latifolia by using ITS-trnH. These were the 116th and 762th sites of the ITS-trnH sequences at which A and T respectively were present in D. latifolia of IWSTB and in Dharwad while G was present in D. latifolia Hassan. In case of D. latifolia, a total of 38 unique sites were found by using rbcL markers. These were the rbcL sequences at which A and T were present in Dharwad and Hassan while C and G were found in Hassan, Karnataka (Fig. 7) .
The total number of sequences of T. grandis which was obtained by using ITS-trnH markers was 315 bp in IWSTB, 478 bp in Dharwad, and 456 bp in Hassan. The sequence number of rbcL markers found in IWSTB was 654 bp, in Dharwad 620 bp, and in Hassan region 529 bp. In T. grandis, 25 unique sites were found by ITS-trnH sequences. These were the 133th to 478th sites of the ITS-trnH at which C and G were present in T. grandis of Dharwad and IWSTB, respectively, while A and T were present in T. grandis of Hassan, Karnataka. A total of 53 unique sites were found in T. grandis sequences by using rbcL markers in which 62th to 529th A, G, and T was present in Dharwad and Hassan while C and G were found in IWSTB Karnataka, respectively (Fig. 8) .
Bioinformatics analyses of sequences and barcode generation
The rbcL and ITS-trnH sequences from T. grandis, D. latifolia, and L. lanceolata were completely identical with all other sequences of the selected species. BLAST search in the NCBI nucleotide database was done using the sequences of all three species deposited in the GenBank showing 100% homology with the nuclear DNA regions. Comparison of the detected sequences with entries in the database finally provided the plant species identification. The nucleotide sequences obtained were submitted to DNA databank (accession number MG920556, MG920558, MG920557, MG920565, MG920313). The developed barcodes for the D. latifolia by using ITS-trnH and rbcL are showed in Fig. 9 with their respective provenances ((i) Dharwad, (ii) Hassan, and (iii) IWST Bangalore, Karnataka) respectively. The developed barcodes for the T. grandis by using ITS-trnH and rbcL are showed in Fig. 10 with their respective provenances ((i) Dharwad, (ii) Hassan, and (iii) IWST Bangalore, Karnataka), followed by L. lanceolata in which the developed barcodes by using ITS-trnH and rbcL which showed with their respective provenances ((i) Hassan, Karnataka) are showed in Fig. 11 .
Phylogenetic analysis
Total aligned molecular sequences from the selected three species by rbcL and ITS-trnH were used to generate a dendrogram which represented the genetic relationship among the selected species based on their provenances. The numbers of base substitutions per site in between sequences are shown in the dendrogram. The standard error estimates are shown above the diagonal site. Analyses were conducted using the Kimura-2 parameter model (Kimura 1980) . The analysis involved three nucleotide sequences. Codon positions included were 1st + 2nd + 3rd + non-coding. Gaps and missing data were eliminated from all the positions. There were a total of 312 positions in the final dataset. Evolutionary analyses were performed by MEGA7 (Kimura 1980 and Kumar et al. 2007 ).
According to evolutionary divergence by using the rbcL and ITS-trnH sequences, it was found that intraspecific variations in D. latifolia from Dharwad and IWST Bangalore samples were closely related (0.023-1.040) than the samples of Hassan. The case of Hassan and IWST Bangalore was quite distant (0.115-1.071), whereas Hassan and Dharwad were more closely related than IWST Bangalore (0.008-0.122) (Fig. 12a) . T. grandis belongs to Dharwad and IWST Bangalore region which were more related to each other (0.004-0.048) than Hassan samples. Hassan and IWST Bangalore were found to be quite distantly related (0.045-0.008), whereas Hassan and Dharwad were more related than IWST Bangalore (0.002-0.008) (Fig. 12b) .
On the other hand, L. lanceolata samples from Hassan and Dharwad were diverged at the rate of 0.04634-0.3290 (Table 6 ). From the above results, it was concluded that the geographical effect and genetic effect were both high in Bangalore and Hassan populations rather than in Dharwad populations. Both factors were acted upon the selected tree species and gene low variability based on all the climatic as well as genetic conditions. Conserved gene variability was slow in Dharwad, IWST Bangalore, and Hassan populations and resulted less variability.
Primer development
In this study, we developed region-specific (IWSTB, Dharwad, and Hassan, Karnataka) barcode primers for each selected species (D. latifolia, T. grandis, and L. lanceolata) by using rbcL-and ITS-trnH-generated marker sequences Table 7 .
Discussion
This study aims to develop a DNA marker to identify the species of T. grandis, D. latifolia and L. lanceolata by a multilocus DNA barcoding approach. The chloroplast DNA region rbcL and nuclear region ITS could be amplified successfully through the fresh wood samples and confirmed that fresh wood is a good source of DNA for wood tissue barcoding in Aquilaria sinensis (Jiao et al. 2013) . In this study, the rbcL and ITS-trnH regions of chloroplast and nuclear DNA were amplified by using the wood tissues of respective timber samples (Fig. 3a-c) . Lee et al. (2016) developed a DNA barcode to identify seven Aquilaria species using eight barcode candidate loci (matK, rbcL, rpoB, rpoC1, psbA-trnH, trnL-trnE, ITS, and ITS2) and the results revealed that all single barcodes amplified and sequenced with the selected primers. The results revealed that all single barcodes could be easily amplified and sequenced with the selected primers. In the present study, we found that rbcL marker is individually abled to discriminate species of the selected timbers (Fig. 3d) . Previous studies revealed that matK barcode individually or in combination with other chloroplast DNA barcodes yielded a low success rate for species discrimination, but it has the ability to cluster studied Pterocarpus species according to their broad geographic origins (Jiao et al. 2018). Amplification and sequencing of the matK barcoding region is problematic due to high sequence variability in the primer binding sites (Hollingsworth et al. 2011) . In the present study, the overall lowest rate of amplification and sequencing was reported with matK barcoding marker (Fig. 1b) . Hassold et al. (2016) characterized diagnostic polymorphisms in the three DNA barcoding markers (matK, rbcL, and trnL) that allowed rapid discrimination between the Dalbergia species of Madagascar and its distribution range. Li et al. (2011) suggested that trn-F would be a good alternative locus due to high variation within trn-F marker and recommended the adoption of rbcL + matK for fern studies. The ITS barcoding markers which perform as an influential marker at the species level show high levels of interspecific divergence (Alvarez and Wendel 2003) . In this study, we used three barcode markers in which rbcL and ITS-trnH performed 97% of the amplification and sequencing Table 3 . Kang et al. (2017) reported a success rate of amplification and sequencing of matK fragment (50-57%). In the present study, the success rate of amplification and sequencing of the selected markers is 96 to 94% for rbcL, 91 to 80% for ITS-trnH, and 43 to 30% for matK with the selected species. Nuclear ITS-trnH fragment represents a more promising DNA barcode marker than the maternally inherited chloroplast barcodes in Aceraceae (Han et al. 2016) , while in this study, both rbcL and ITS barcoding markers were amplified and generate good results with all the selected species Figs. 9, 10, and 11. DNA barcoding with ITS marker alone revealed unknown species and proved useful in identifying species listed in endangered species appendixes (Meullner et al. 2011 ). Nithaniyal et al. (2014 studied that rbcL and matK markers correctly identified 136 species out of 143 tropical dry evergreen species. The success rate of amplification and sequencing of ITS marker could be variable for tropical forest plant in different regions (Kang et al. 2017) . In this study, the selected species belongs to tropical forest, and amplification followed by sequencing was found highly successful by using ITS markers. D. olivery species were accurately identified by rbcL, matK, and ITS barcode markers (Hartvig et al. 2015) . Bhagwat et al. (2015) reported matK and matK + rbcL as the most suitable barcodes to differentiate Dalbergia species. In this present study, we found that not only combinations of the barcodes but also alone maker could identify the species. ITS sequences ranged from 663 to 666 bp with 94 variable sites and 80 informative sites. The alignment length was 69 bp with 19 insertion and deletion of 1-3 bp within the aligned regions in the genus Decalepis (Apocynaceae) (Mishra et al. 2017a (Mishra et al. , 2017b . In our study, ITS-trnH ranged from with variable sites 68 to 115 (Table 4) . Tsumura et al. (2011) developed a dataset and found nucleotide substitutions between the four wood plant groups, which provide convenient sites for developing markers. The highest nucleotide diversity was found in White Meranti species out of four species (Yellow, Valau, and Red Meranti). The two unique nucleotides found in S. albida were not present in any other Shorea species which were the 11th and 1225th sites of the trnH-psbA-trnK sequence, at which G and C respectively were present in S. albida, while A and G were present in all other Shorea species. In this study, we found 28 unique nucleotide sites in D. latifolia by using ITS-trnH and 38 unique sites was found by using rbcL markers ( Fig. 7 ; Table 5 ). In T. grandis, 25 unique sites were found by using ITS-trnH sequences and 53 unique sites were found by using rbcL markers which indicated that rbcL sequences having more bp variation in their unique sequences than ITS-trnH unique sequences. The above rbcL and ITS-trnH sequencing and barcoding results of T. grandis, D. latifolia and L. lanceolata trees samples, revealed a considerable discrimination in intra-species and inter-species level in the selected regions of Karnataka (Table 1) . (Hassan, IWST Bangalore, and Dharwad. Genetic distance base neighbor-joining analysis revealed the character-based identification of the traded species in Terminalia. Hassold et al. (2016) tested matK, rbcL, and trnL barcoding markers to differentiate Dalbergia species between Madagascar and from other areas of its distributional range. Phylogenetic analysis revealed that the Dalbergia studies from monophyletic groups contain two subgroups, one of which corresponds to a single species. Phylogenetic study of Terminalia species revealed the average intraspecific variations with the combination of 0.0188 to 0.0019 were less than the distance to the nearest neighbor (0.106 ± 0.009) with the matK and ITS (Mishra et al. 2017a (Mishra et al. , 2017b . In the present study, we calculated divergence among the individuals of the species (intraspecific divergence) with the combination of rbcL and ITS-trnH phylogenetic analysis revealed in T. grandis (0.004-0.048), D. latifolia (0.008-0.122), and L. lanceolata (0.046-0.329) ( Table 6 ). The genetic distance between sequence pair after multiple sequence alignment was helpful in determining the genetic relatedness between the species of selected timbers at the molecular level. Li et al. 2011 performed the DNA barcoding technique to generate barcode sequences for Aquilaria species identification and applied the barcodes to identify the source species of agarwood found in the market. DNA barcoding of eight Dalbergia species from Vietnam recommended ITS locus as a potential barcode based on UPGMA analysis and nucleotide diversity (Phong et al. 2014 ), but in this study, we found that rbcL marker was a strong barcode marker for D. latifolia and T. grandis and based on genetic distance UPGMA study. Phylogenetic analysis of Santalum album with its adulterants Osyris wightiana and Erythroxylem monogynum formed the most genetically similar cluster by using rbcL, matK, and trnH-psbA barcoding markers (Dev et al. 2014 ).
In the present study, genetic similarity with low intraspecific variation was reported in T. grandis, D. latifolia and L. lanceolata trees samples by using the rbcL and ITS-trnH markers. Through the barcoding sequence results and phylogenetic analysis, D. latifolia samples of IWST Bangalore are genetically more related to Dharwad than Hassan, Karnataka (Fig. 12a ). Phylogenetic analysis of T. grandis IWST Bangalore samples was genetically more related to Dharwad than Hassan, Karnataka (Fig. 12b) . Out of three universal primers, rbcL and ITS-trnH detected suitable and distinguishable gene sequences for the selected timber species, and that could have been used to get barcodes for forest timer species.
Conclusions
DNA-based barcoding is an invaluable tool for detecting errors in identifications of the tree species. The ratio of successfully identified species to all three sampled species was calculated as the proportion of species that were discriminated. From the above sequences, barcodes and pairwise distance matrix indicated their closeness during evolution and help to draw their phylogenetic tree. The present study provided a database to which the selected DNA sequences from unknown samples could be matched as well as necessary sequences from which other timbers or plant species could be identified and used for species identification. This study was able to identify wood samples, which represent that DNA barcoding has the potential to be an identification tool in the selected timbers. 
